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ABSTRACT
Many supernova remnants (SNRs) are considered to evolve in molecular environments, but the
associations between SNRs and molecular clouds (MCs) are often unclear. Being aware of such
ambiguous case, we report our study on the molecular environment towards the SNR G43.9+1.6
by CO line observations. We investigated the correlations between the SNR and MCs at dif-
ferent velocities, and found two velocity components, i.e. ∼5 km s−1 and ∼50 km s−1 velocity
components, showing spatial correlations with the remnant. However, no dynamical evidence of
disturbance was found for the ∼5 km s−1 velocity component. At the distance of the ∼5 km s−1
velocity component, either near or far distance, the derived physical parameters are unreasonable
too. We conclude that the SNR is not associated with the ∼5 km s−1 velocity component, and
their spatial correlation is just a chance correlation. For the ∼50 km s−1 velocity component,
dynamical evidence of disturbances, as well as the spatial correlation, indicate that it is asso-
ciated with the SNR. We found that all the CO spectra extracted from the molecular clumps
distributed along the border of the remnant are with broadened components presented, which
can be fitted by Gaussian functions. By further analysis, we suggest that the SNR is at a near
kinematic distance of about 3.1 kpc.
Subject headings: ISM: individual objects (G43.9+1.6) — ISM: molecules — ISM: supernova remnants
— radio lines: ISM
1. Introduction
Remnants of core-collapse supernova are thought
to be in the vicinity of molecular clouds (MCs),
due to the short lifetimes of their progenitor stars
after being born in parent MCs. Recently ob-
servations of Tycho’s supernova remnant (SNR)
reveal that Type Ia SNR may be also associated
with MC (Zhou et al. 2016b; Chen et al. 2017).
There are about 80 Galactic SNRs which are
confirmed or suggested to be in physical con-
tact with MCs, among 294 Galactic SNRs, at
present (Gaensler et al. 2008; Jiang et al. 2010;
Tian et al. 2010; Eger et al. 2011; Jeong et al.
2012; Frail et al. 2013; Chen et al. 2014; Fukuda et al.
2014; Su et al. 2014; Zhou et al. 2014; Zhu et al.
2014; Zhang et al. 2015; Voisin et al. 2016; Zhou et al.
2016a,c; de Wilt et al. 2017; Lau et al. 2017;
Liu et al. 2017; Su et al. 2017b; Liu et al. 2018;
Maxted et al. 2018; Su et al. 2018; Ma et al.
2019; Yu et al. 2019; Green 2019, and references
therein). Based on associations between SNRs
and MCs, we could determine the distances of
SNRs, and accordingly, the evolutionary stages of
1
SNRs (e.g. Kilpatrick et al. 2016; Su et al. 2017a).
SNRs associated with MCs are also good labo-
ratories to study the interactions between SNR
shocks and molecular gases (e.g. Dickman et al.
1992; Zhou et al. 2014) as well as the acceleration
of cosmic rays in SNRs (e.g. Aharonian & Atoyan
1996; Hewitt et al. 2009; Li & Chen 2012). If an
MC overlaps with an SNR in position and presents
some spatial similarity, it can be considered as a
candidate MC in association with the SNR. We
may call this case spatial correlation between the
MC and the SNR. The possibility of their associa-
tion would be enhanced if their spatial correlation
is strong. Spatial correlation is commonly used
as non-independent evidence for SNR-MC asso-
ciation. About half of SNR-MC associations are
suggested based on their spatial correlations (see
Table 2 in Jiang et al. 2010). However, such ev-
idence could be problematic, due to overlaps of
multiple MCs in different spiral arms in the line-
of-sight, especially, toward the inner region of the
Milky Way. Molecular gas distributions around
SNRs are usually complicated. One needs to fur-
ther examine the SNR-MC association candidates
not only on their spatial correlations but also on
other more robust evidences, e.g. OH 1720 MHz
maser emissions, dynamical evidence of interac-
tion, etc. (see discussion in Jiang et al. 2010, for
reference).
The SNR G43.9+1.6 is a faint radio source
with a diameter of ∼ 60′, which presents a partial
shell structure with no obvious plerionic compo-
nent (Reich et al. 1990; Vasisht et al. 1994). As
indicated by its radio morphology, this SNR can
be classified as a possible shell-type SNR, which
is supported by its spectral index of −0.47± 0.06
(Reich et al. 1990; Vasisht et al. 1994; Sun et al.
2011). There is no direct distance measurement
for the SNR. We present in this work wide-field
CO line observations toward the SNR G43.9+1.6,
in order to investigate the molecular environment
of the remnant. Full examinations of spatial dis-
tributions as well as further spectral analyses of
different velocity components in the line-of-sight
are performed.
2. Observations
The CO line emission was observed using the
Purple Mountain Observatory Delingha (PMODLH)
13.7 m millimeter-wavelength telescope (Zuo et al.
2011), which is a part of the Milky Way Im-
age Scroll Painting (MWISP)–CO line survey
project1. The 12CO (J=1–0), 13CO (J=1–0), and
C18O (J=1–0) lines were observed simultaneously
with the 3 × 3 multibeam sideband separation
superconducting receiver (Shan et al. 2012). We
mapped a 2◦ × 2◦ area covering the full extent
of the SNR G43.9+1.6 via on-the-fly (OTF) ob-
serving mode. The data were meshed with a
grid spacing of 30′′, and the half-power beam
width (HPBW) was ∼ 51”. The spectral reso-
lutions of the three CO lines were 0.17 km s−1
for 12CO (J=1–0) and 0.16 km s−1 for both
13CO (J=1–0) and C18O (J=1–0). The typical
rms noises were ∼ 0.5 K for 12CO (J=1–0) and
∼ 0.3 K for 13CO (J=1–0) and C18O (J=1–0).
All data were reduced using the GILDAS/CLASS
package2. Further observation parameters and
data processing details are in Zhou et al. (2016c).
6 cm radio continuum emission data were also
obtained from the Sino-German λ6 cm polariza-
tion survey, of which the angular resolution is 9′.5
(Sun et al. 2011).
3. Results
The SNR G43.9+1.6 has partial shell structure
in radio continuum emission, of which the ridge
and the peak (hereafter radio shell peak) locate on
the remnant’s near side toward the Galactic plane
(see lower panel of Figure 1; Sun et al. 2011). Its
radio emission in south is contaminated by back-
ground radio emission in the Galactic plane, e.g.
from star-forming regions. In the mapping area of
CO observation, we detected several CO velocity
components (see upper panel of Figure 1). The
velocity components in the range of 0–20 km s−1
are probably from adjacent MCs, i.e. belong to the
Aquila Rift feature, besides, the other prominent
velocity components are mostly from the Sagit-
tarius spiral arm (Reid et al. 2016, and references
therein). There is some CO emission in the rem-
nant region, and more CO emission outside of the
remnant region (see lower panel of Figure 1). In
general, the CO emission is stronger when closer
to the Galactic plane. Note that only prominent
CO emissions can be seen in the integrated inten-
1http://www.radioast.nsdc.cn/yhhjindex.php
2http://www.iram.fr/IRAMFR/GILDAS
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Fig. 1.— upper: Average CO spectra over the
2◦×2◦ region. lower: 12CO (J=1–0) intensity map
integrated over the velocity range of 0–80 km s−1,
overlaid with 6 cm radio continuum emission con-
tours with an angular resolution of 9′.5 (blue).
The contour levels of the 6 cm radio continuum
emission are 50, 66, 82, 98, 114, and 130 mK TB.
The minimum value of 12CO emission as shown in
the colorbar is 5σ.
sity map over a large velocity range. We examined
all the velocity components, and found no spatial
correlation between them and the SNR, except for
the components around 5 km s−1 and 50km s−1.
3.1. The Local Velocity Component
As shown in Figure 2, 12CO (J=1–0) emis-
sion in the SNR region has three velocity com-
ponents, i.e. 5, 7, and 15 km s−1, in the veloc-
ity range of 0–20 kms−1. These velocity com-
ponents are probably from local MCs, i.e. parts
of Serpens/Aquila molecular complex. Neverthe-
less, the velocity range and the spatial distribu-
tion of the 5 and 7 km s−1 velocity components
overlap each other, therefore, they are probably
different parts of one MC. The molecular gases of
all the three velocity components distributes both
inside and outside of the remnant. Each emis-
sion line of the three velocity components in the
SNR region can be fitted by one Gaussian com-
ponent (see Figure 2). The fitting parameters are
listed in Table 1. We have not found any dynami-
cal evidence of disturbance for these three velocity
components. There are also some 13CO (J=1–0)
emissions from the center of some clumps. No sig-
nificant C18O (J=1–0) emission was detected in
this velocity range.
The spatial distribution of the 5 km s−1 ve-
locity component shows some correlations with
the SNR G43.9+1.6, which distributes around the
eastern and southern edge of the SNR. More-
over, the 7 km s−1 velocity component distributes
around the southwestern border of the SNR, with
also a clump located near the radio peak of the
remnant. No spatial correlation is found between
the 15 km s−1 velocity component and the rem-
nant. Note that the spatial correlations can be
just chance correlations.
3.2. The ∼50 km s−1 Velocity Component
The spatial distribution of the ∼50 km s−1
velocity component shows correlation with the
SNR G43.9+1.6, which contains a series of small
molecular clumps distributing along the radio shell
of the remnant. As sketched by black dashed and
dotted lines in Figure 3, the clumps can be divided
into two groups, one distributes around the border
of the remnant, enclosing the remnant’s eastern
half, while, the other group distributes around the
3
Fig. 2.— upper-left: Average 12CO (J=1–0) (blue) and 13CO (J=1–0) (green) spectra extracted from the
SNR region defined in upper-right pannel, with the best-fit Gaussian model and residuals of 12CO (J=1–0)
spectrum (see the fitted parameters in Table 1). 3σ level of residuals is shown by black dashed lines. other
three panels: 12CO (J=1–0) intensity maps integrated over the velocity ranges of 4.5–6 km s−1 (upper-right),
6–9 kms−1 (lower-left), and 13.5–16.5 km s−1 (lower-right), overlaid with the same 6 cm radio continuum
contours as in Figure 1. The minimum values of 12CO emissions as shown in the colorbars are at 3σ values.
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Fig. 3.— Intensity map of 12CO (J=1–0) emission in the velocity range of 40–70 km s−1, overlaid with
the same 6 cm radio continuum contours as in Figure 1. 12CO (J=1–0) emission in the velocity range of
40–55 km s−1 are also shown by red contours. The contour levels of the 12CO emission begin at 5σ and also
increase by 5σ, where the σ value is 1.1 K km s−1. Two groups of molecular clumps are sketched by two
black dashed and dotted lines, which are distributed around the remnant’s border and radio shell peak. The
purple regions are selected for spectral analysis.
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Table 1: Fitted parameters for the MCs in the velocity range of 0–20 km s−1 in the SNR region.
Component Line Peak Tmb
[1] Center VLSR
[2] FWHM
(K) ( kms−1) (km s−1)
v5 12CO (J=1-0) 0.31 ± 0.02 5.10 ± 0.05 1.4± 0.1
13CO (J=1-0) ≤ 0.02[3] - -
v7 12CO (J=1-0) 0.44 ± 0.02 7.18 ± 0.04 1.9± 0.1
13CO (J=1-0) ≤ 0.02[3] - -
v15 12CO (J=1-0) 0.22 ± 0.02 14.93 ± 0.05 1.8± 0.2
13CO (J=1-0) ≤ 0.02[3] - -
[1]Tmb is the brightness temperature, and is corrected for beam efficiency using Tmb=T
∗
A/ηmb.
[2]VLSR is the velocity with respect to the local standard of rest.
[3]No 13CO (J=1–0) emission visible, where we use the value of RMS as an upper limit.
remnant’s radio shell peak. Note that the south-
ern border of the remnant is not very clear, and
regions E and F may be not associated with re-
gions A, B, C, and D.
The CO lines of ∼50 km s−1 velocity com-
ponent extracted from the molecular clumps are
much broader than the lines in the velocity range
of 0–20 km s−1 (see Figure 4). These broad lines
are not combinations of multiple narrow lines,
which indicate the existence of disturbances in the
corresponding MCs. We have fitted the CO lines
with Gaussian functions. The fitting parameters
are listed in Table 2. Most of the lines in the
velocity range of 40–70 km s−1 can be fitted by
one broad Gaussian component, except the lines
from region A1, E, and F, which contain a nar-
row Gaussian component associated with a broad
component. The molecular clump in region A1
is one of the largest clumps, probably associated
with the molecular gases in region A2 and A3.
There is 13CO (J=1–0) emission corresponding to
the narrow component of 12CO (J=1–0) emission
in region A1. MCs in regions E and F are at the
velocity of ∼60 km s−1 other than ∼50 kms−1 for
the other MCs, and are located in the south-west.
The shapes of these two MCs are arc-like, which
seem to be lying around the edge of the remnant.
There are two molecular strips nearby the rem-
nant’s radio shell peak, which show velocity gra-
dients in position-velocity maps (see Figure 5).
The velocity extents of the strips are similar to
the width of the broad emission lines in the other
regions, which indicates the same origin of distur-
bance, probably being the remnant’s shock. Using
the velocities of the nearby quiet narrow compo-
nents as reference velocities, i.e. ∼45 km s−1 in
region A1 for strip s1 and ∼62 km s−1 in region E
and F for strip s2, the molecular emissions in both
regions are red-shifted. Therefore, the two molec-
ular strips are probably located at the far side of
the remnant.
4. Discussion
4.1. The Local Molecular Component
We estimate the near and far kinematic dis-
tances of the ∼5 km s−1 MC as 0.31±0.06 kpc
and 11.6±0.6 kpc, respectively, based on a full
distance probability density function3 (Reid et al.
2016, 2019). The systemic velocity of the MC is
estimated as the mean velocity of the v5 and v7
components (see Table 1), and its uncertainty as
the difference between the velocities of the two
components. The physical parameters of these lo-
cal velocity components are estimated using the
method described in detail in Zhou et al. (2016c)
(see Table 3). The area beam-filling factors of
both 12CO (J=1–0) and 13CO (J=1–0) emissions
are assumed to be the same, which are calculated
by the ratio of the number of points with a de-
tected 12CO (J=1–0) emission to the total number
of points in the SNR region. The column densities
of the ∼5 km s−1 MCs are small, with 12CO (J=1–
0) emission be not optically thick, hence, the ex-
citation temperatures can not be well confined. If
the ∼ 5 km s−1 MC is at the near distance, the
3http://bessel.vlbi-astrometry.org/node/378
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A1 A2
A3 B
C D
E F
Fig. 4.— CO spectra extracted from the selected regions shown in Figure 3, together with their best-fit
Gaussian model and residuals. Masks of integrated intensities larger than 3σ are applied in extracting
spectra, over the velocity ranges of 40–55km s−1 for the regions of A1–D and 55–70km s−1 for the regions
of E and F. The fitted parameters are listed in Table 2. 3σ levels of the residuals are also shown by blue
and green dotted lines for 12CO and 13CO, respectively. The 13CO (J=1–0) spectra as well as their fitting
models and residuals are multiplied by a factor of 2 for better visibility.
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Table 2: The same as Table 1, but for other velocity components.
region component Line Peak Tmb Center VLSR FWHM
(K) ( km s−1) ( km s−1)
A1 narrow 12CO (J=1–0) 0.49±0.06 44.55±0.10 1.8±0.3
13CO (J=1–0) 0.14±0.03 45.2±0.3 1.4±0.9
broad 12CO (J=1–0) 0.84±0.03 47.4±0.2 8.9±0.3
13CO (J=1–0) ≤ 0.07 - -
A2 broad 12CO (J=1–0) 0.51±0.03 49.7±0.3 8.9±0.5
13CO (J=1–0) ≤ 0.07 - -
A3 broad 12CO (J=1–0) 1.23±0.06 46.49±0.08 3.5±0.2
13CO (J=1–0) 0.14±0.04 45.9±0.4 3.1±0.9
B broad 12CO (J=1–0) 0.62±0.04 49.9±0.2 7.6±0.5
13CO (J=1–0) ≤ 0.08 - -
C broad 12CO (J=1–0) 0.69±0.04 44.31±0.10 3.6±0.3
13CO (J=1–0) ≤ 0.07 - -
D broad 12CO (J=1–0) 0.94±0.03 51.9±0.1 6.7±0.3
13CO (J=1–0) ≤ 0.07 - -
E narrow 12CO (J=1–0) 1.20±0.05 61.81±0.04 2.0±0.1
13CO (J=1–0) 0.21±0.04 61.94±0.08 1.0±0.2
broad 12CO (J=1–0) 0.56±0.03 65.2±0.3 7.8±0.4
13CO (J=1–0) ≤ 0.06 - -
F narrow 12CO (J=1–0) 0.94±0.05 61.65±0.04 1.7±0.1
13CO (J=1–0) 0.28±0.03 61.75±0.07 1.2±0.2
broad 12CO (J=1–0) 0.80±0.03 59.1±0.2 6.8±0.3
13CO (J=1–0) 0.09±0.02 58.1±0.4 3.7±1.0
8
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Fig. 5.— Intensity weighted mean velocity (1st moment) map of 12CO emission in the velocity range of
40–55 km s−1, overlaid with the same 6 cm radio continuum contours as in Figure 2. Position-velocity maps
of 12CO along the strips indicated by black rectangular regions are also presented, where the contour levels
are from 3σ and in a step of 3σ, where the σ value is 0.3 K.
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masses of molecular gases in the SNR region are
less than ∼ 102d20.31 M⊙ (see Table 3), which are
over one order of magnitude smaller than their
virial masses. It indicates that the MCs are not
stable. However, the filamentary shape cloud may
be not confined by gravity but by magnetic field
instead (Contreras et al. 2013). If the MC is at
the far distance, the virial mass over mass ratios
will be d/0.31 pc ≃ 37 times smaller, i.e. about
1, then the cloud would be in virial equilibrium.
Su (2019, private communication) stated that the
∼5 km s−1 MC is located at a near distance based
on the Gaia data, i.e. about 240 pc.
If the SNR is associated with the ∼5 km s−1
MC and locates at the near distance of 0.31 ±
0.06 kpc, its radius would be ∼2.7d0.31 pc, where
d0.31 is the ratio between the distance of the rem-
nant and the distance of 0.31 kpc. Assuming the
lengths in the line of sight (LOS, represented by
l) are comparable to the widths of MCs, partic-
ularly for MCs outside of the SNR, we could de-
rive the number density as ncloud = N(H2)/l ∼
1020 cm−2/0.5 pc∼ 60d−10.31 cm
3. The possible
molecular shock velocity could be estimated as
vcloud = 4vshift/3 ∼ 2.7 km s
−1, where vshift is the
difference of center VLSR between 5 km s
−1 and
7 km s−1 velocity components. Using the density
of the ambient interstellar medium as the Galactic
fiducial density n0 = 1 cm
−3, we get the density
contrast as χ = ncloud/n0 ∼ βv
2
s /v
2
cloud ∼60d
−1
0.31,
where vs is the velocity of the remnant’s forward
shock, and the constant β is adopted as unity
(McKee & Cowie 1975; Orlando et al. 2005). Ac-
cordingly, we get the forward shock velocity as
vs=21d
−0.5
0.31 km s
−1 and the post-shock tempera-
ture as 5.9×103d−10.31 K. Such low forward shock
velocity and post-shock temperature indicate that
the remnant would be in the late radiative phase.
Consequently, the age of the remnant could be
estimated as t = 2rs/(7vs) ∼9.9×10
4d1.50.31 yr
(McKee & Ostriker 1977), and the explosion en-
ergy
E = 6.8× 1043n1.160
vs
1 km s−1
1.35 rs
1 pc
3.16ζ0.161m erg
∼ 4.9× 1047d2.4850.31 erg,
where ζm = Z/Z⊙ is the metallicity parameter,
which is set to 1 (Cioffi et al. 1988). The explosion
energy would be four orders of magnitude lower
than the canonical value (1051 erg), which is signif-
icantly low even for a sub-energetic core-collapse
supernova explosion, where ESN ∼ 10
49.5 erg
(Pastorello et al. 2004; Chevalier 2005; Zhou et al.
2014). It is also possible that the SNR is evolving
in a low-density environment, e.g. inside a wind-
blown bubble. However, we have the explosion
energy E ∝ n1.8350 , and we would get a lower ex-
plosion energy for a lower ambient density, e.g.
E ∼ 2.1×1046d2.4850.31 erg for the ambient density of
n0 = 0.01 cm
−3 (Dwarkadas 2007; Cho & Kang
2008; Renaud et al. 2010). If the SNR is at the
far distance, i.e. 11.6 kpc, the derived density of
the molecular gas is ∼ 1.6 cm−3 that is too low for
an MC (typical mean density ∼ 100 cm−3). Be-
sides, the shock speed and the remnant age would
be 3.4 km s−1 and 8.4×106 yr, respectively. With
the speed of shock less than that of interstellar
turbulence (about 10 km s−1; Spitzer 1978) and
the large age, the remnant would be essentially
invisible in the radio continuum (e.g. Stil & Irwin
2001). Indeed, the derived age is larger than
that of any SNR known (e.g. Stil & Irwin 2001;
Koo et al. 2006; Xiao & Zhu 2014). The absence
of dynamical evidence as well as the unreasonable
derived parameters suggest that the SNR is not as-
sociated with the ∼5 km s−1 MC. Therefore, the
spatial correlation between them is just a chance
correlation.
4.2. The ∼50 km s−1 Molecular Compo-
nent
Applying the full distance probability density
function as the above, we get the near and far dis-
tances of the ∼50 km s−1 velocity component to
be 3.1±1.2 kpc and 8.5±1.3 kpc, respectively. The
systemic velocity of the MC is estimated as the
mean velocity of the components from all the A1
to F regions, and its uncertainty as the largest ve-
locity difference between these components. In re-
gions A1, E and F, we use the velocities of the nar-
row components. If we exclude regions E and F,
we get the near and far distances to be 2.8±0.7 kpc
and 8.9±0.8 kpc, respectively. The two pairs of
distances are consistent in their error ranges. Us-
ing the same calculation method, we also estimate
the physical parameters of the ∼50 km s−1 veloc-
ity component, which are listed in Table 3. The
∼50 km s−1 velocity component comprises a series
of small molecular clumps, which are distributed
along the radio border and the radio shell peak
of the remnant. Broad CO lines are detected in
all the selected regions, however, those with asso-
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Table 3: The Derived Physical Parameters for different MCs.
region component Tex
[1] τ(13CO) [1] N(H2)
[2] M [2] Mvir
[3]
(K) (1020 cm−2) (102 M⊙) (10
2 M⊙)
The Local Molecular Component
SNR v5 > 3.6 < 0.07 < 1.0 (2.0) < 0.3d20.31 (0.4d
2
0.31) 18d0.31
SNR v7 > 3.6 < 0.05 < 0.9 (2.6) < 0.3d20.31 (0.8d
2
0.31) 34d0.31
SNR v15 > 3.4 < 0.1 < 1.8 (2.0) < 0.4d20.31 (0.4d
2
0.31) 30d0.31
The ∼50 km s−1 Molecular Component
A1 narrow 3.4 0.3 4.5 (1.7) 2.3d3.1
2 (0.87d23.1) 46d3.1
broad >3.8 < 0.09 < 8.5 (14) < 4.4d23.1 (7.4d
2
3.1) 1100d3.1
A2 broad >3.3 <0.2 <13 (8.7) < 2.9d3.1
2 (1.9d23.1) 740d3.1
A3 broad 4.3 0.1 4.8 (8.2) 0.34d3.1
2 (0.59d23.1) 77d3.1
B broad >3.5 < 0.2 < 11(9.0) < 0.42d3.1
2 (0.35d23.1) 540d3.1
C broad >3.6 < 0.2 < 4.0 (4.8) < 0.88d3.1
2 (1.1d23.1) 160d3.1
D broad >3.9 < 0.08 < 5.9 (12) < 1.4d3.1
2 (2.7d23.1) 420d3.1
E narrow 4.2 0.2 2.4 (4.6) 1.3d3.1
2 (2.5d23.1) 53d3.1
broad >3.4 < 0.2 < 8.7 (8.4) < 4.7d3.1
2 (4.5d23.1) 810d3.1
F narrow 3.9 0.3 4.8 (3.1) 4.3d3.1
2 (2.7d23.1) 55d3.1
broad 3.7 0.1 4.8 (10) 4.2d3.1
2 (9.2d23.1) 890d3.1
[1]Using the assumption of local thermal equilibrium (LTE). See the details of calculation method in Zhou et al. (2016c).
[2]Derived from 13CO column density by assuming the 13CO abundance of 1.4×10−6 (Ripple et al. 2013). For compari-
son, we also show the values in the brackets, which are estimated by using the conversion factor N(H2)/W (12CO) ≃
1.8 × 1020 cm−2 K−1 km−1 s (Dame et al. 2001). d0.31 and d3.1 stands for d/(0.31 kpc) and d/(3.1 kpc), respectively,
where d is the distance to the SNR G43.9+1.6 in unit of kpc.
[3]Calculated by k×L×∆v2, where L is the size of the region, and ∆v is the velocity width (FWHM) of 12CO (J=1–0), considering
the elongated shape of the MCs and assuming a constant density distribution, k is set to 173 (MacLaren et al. 1988; Ren et al.
2014).
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ciated narrow CO lines are only detected in the
regions that contain large molecular clumps, i.e.
A1, E, and F (see Figures 3 and 4). Due to the
small optical depths of CO emissions, the excita-
tion temperatures of these molecular clumps can
not be well confined. The column densities as well
as the masses of the disturbed molecular gases
can not be well estimated by using the conversion
factor N(H2)/W (
12CO). The distance factor d3.1
would be 1 or 2.7 for the ∼ 50 km s−1 MC being
at the near or far distance, respectively. It will not
change the ratios between virial mass and mass in
magnitude. All the masses of the broad compo-
nents are about two orders of magnitude smaller
than their virial masses, which confirms the ex-
istence of strong disturbances in the clumps. It
indicates that the broad components may be from
molecular gases shocked by the remnant’s blast
wave. The masses of the narrow components are
also about one order of magnitude smaller than
their virial masses, which indicates that the quiet
molecular gases in these regions can not be con-
fined by gravity too. A large percent of molecular
gases in the large molecular clumps, in regions A1,
E and F, are probably shocked, with the masses of
the disturbed molecular gases comparable to that
of the quiet molecular gases. Moreover, in the
small clumps in regions A2–D, there may be no
quiet molecular gas left, with all molecular gases
disturbed.
Two molecular strips with velocity gradients
are also detected around the remnant’s radio shell
peak (see Figure 5). Their velocity extents are at
the same level as the width of the broad emission
lines in the other regions, which probably originate
from the remnant’s shock too. The velocity gradi-
ents of the strips are both ∼1.7d−13.1 km s
−1pc−1.
Strip s1 is more straight than strip s2, which is
likely to have been shocked from one side to an-
other side. The case of strip s2 is not that sim-
ple, and it has a complicated pattern in position-
velocity diagram. Strip s2 is curved, and may be
shocked on one side first then on the other side
before engulfed in the remnant. Considering that
the molecular shocks has not passed through the
strips, we estimate the dynamical timescales of
the strips as τstrip . lstrip/∆vstrip ∼6×10
5d3.1 yr,
where lstrip and ∆vstrip are the extents and the
velocity spans of the strips, respectively.
If the remnant is at the near distance of the
∼50 km s−1 velocity component, i.e. ∼3.1 kpc,
its radius is ∼27 pc. We consider region A1 as
a representative region, and its length in the
LOS is assumed to be comparable to its size
l ∼ 0◦.05. Accordingly, we have the number
density of the clump as ncloud ∼54d
−1
3.1 cm
−3.
Applying the calculation method used above,
we estimate the velocity of the remnant’s for-
ward shock as vs ∼29d
−0.5
3.1 km s
−1 and the post-
shock temperature as 1.2×104d−13.1 K, which indi-
cates that the remnant is in the radiative phase.
Therefore, we get the age of the remnant as
t ∼2.6×105d1.53.1 yr and the explosion energy as
E ∼2.2×1050d2.4853.1 erg. The age estimated for
the remnant is consistent with the dynamical
timescales of the strips s1 and s2. It is also
possible that the remnant locates at the far dis-
tance as ∼8.5 kpc. In this case, we can get the
age of the remnant as ∼ 1.2 × 106 yr by ap-
plying the distance factor d3.1 as 2.7. The es-
timated age is comparable to that of the old-
est radio detected SNR, i.e. G55.0+0.3 (∼ 1.9 ×
106 yr; Matthews et al. 1998). However, the ra-
dio continuum emission of G43.9+1.6 is much
brighter, with the 1 GHz surface brightness of
Σ1 GHz ∼4×10
−22 W m−2 Hz−1 sr−1(Reich et al.
1988) more than five times higher than that of
G55.0+0.3 (Σ1 GHz ∼7×10
−23 Wm−2 Hz−1 sr−1).
The slow shock of such old SNR is consid-
ered to be inefficient to accelerate particles to
relativistic energies responsible for radio syn-
chrotron emission (Draine & McKee 1993). Ac-
tually, SNRs at the age around one million years
are more likely detected by H i observations, e.g.
GSH 138-01-94 (Stil & Irwin 2001) and GSH 90-
28-17(Xiao & Zhu 2014), and these SNRs are in-
deed very weak in radio continuum emission (e.g.
Σ1 GHz . 7×10
−23 W m−2 Hz−1 sr−1; Koo et al.
2006; Xiao & Zhu 2014).
Therefore, by both dynamical evidence and spa-
tial correlation, we confirm that the ∼50 km s−1
MC is associated with the SNR G43.9+1.6. As
implied by the bright radio continuum emission,
the SNR is probably at the near distance as ∼
3.1 kpc. The total mass of shocked molecular gases
is ∼ 400 M⊙ in regions A3 and F, and is less than
1700 M⊙ in all the selected regions. Accordingly,
the total kinematic energy of shocked molecular
gases in the selected regions is in the range of
∼ 3.6×1046 erg to ∼ 1.5×1047 erg. There are also
12
some molecular gases left in the remnant but out-
side the selected regions, however, they would be
no more than the molecular gases in the selected
regions.
5. Summary
We have studied the SNR G43.9+1.6 to inves-
tigate its molecular environment. Correlations be-
tween the SNR and MCs at different velocities
are examined, based on both spatial distribution
and dynamical evidence of CO line emissions. We
found that the spatial distributions of both the
∼5 km s−1 and ∼50 km s−1 velocity components
show some correlations with the remnant. How-
ever, no dynamical evidence of disturbance was
found for the ∼5 km s−1 velocity component. At
the distance of the ∼5 km s−1 velocity component,
either near or far distance, the derived physical pa-
rameters are unreasonable too. We conclude that
the SNR is not associated with the ∼5 km s−1 ve-
locity component, and their spatial correlation is
just a chance correlation.
For the ∼50 km s−1 velocity component, dy-
namical evidence of disturbances, as well as the
spatial correlation, indicate that the MC is asso-
ciated with the SNR. The remnant is probably at
the near kinematic distance of the ∼50 km s−1
velocity component, i.e. ∼ 3.1 kpc, as implied
by its bright radio continuum emission. Accord-
ingly, we obtained the age of the remnant as about
2.6 × 105 yr and the explosion energy as about
2.2 × 1050 erg. All of the CO spectra extracted
from the molecular clumps distributed along the
border of the remnant are with broad compo-
nents presented, which can be fitted by Gaus-
sian functions. By further spectral analysis, we
get the total mass of the shocked molecular gases
in these molecular clumps to be in the range of
∼400–1700 M⊙, and the total kinetic energy in
the range of ∼ 3.6 × 1046–1.5 × 1047 erg. Veloc-
ity gradients were also detected along two molec-
ular strips around the remnant’s radio shell peak,
which probably locate at the far side of the rem-
nant.
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